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ENCAPSULATED INTRALUMINAL STENT-GRAFT AND METHODS OF 

MAKING SAME 

Cross-Reference to Related Applications 

This application is a continuation-in-part of co-pending International patent application 
Serial No. PCT/US95/1 1817, filed 15 September 1995, which is a continuation-in-part of co- 
pending patent application Serial No. 08/401,871, filed March 10, 1995, both published as 
International Publication No. WO 96/28115, pubUshed September 19, 1996, and co-pending 
Intematioanl patent application Serial No. PCT/US98/02361, filed February 2, 1998, each of 
which is e3q)ressly incorporated by reference as if fiilly set forth herein. 

Backgroand of the Invention 

The present invention relates generally to implantable intralummal devices, particularly 
intraluminal stents. Because of the open lattice found in most intraluminal stents, a primaiy 
problem witii these types of device is occlusion of the vessel occurring after stent placement. 
Tissue ingrowth and neointimal hyperplaaa significanfly reduces the open diameter of the treated 
lumen over time, requiring additional tiierapies. The present invention incorporates the use of 
a biocompatible barrier material that prevents or delays the tissue ingrowth and neointimal 
hyperplaaa, thus maintaiiung lununal patency for longer periods after initial treatmrat The use 
of expanded polytetrafluoroethylene (ePTFE) as a bio-inert barrier material is well documented. 
In accordance with certain of its preferred embodiments, the present invention utilizes a radially 
expsauMAt ePTFE matCTial, such as that described in co-pending International pataat application 
Serial No. PCT/US98/02361, filed February 2, 1998. to partially or folly embed the stent lattice, 
thereby pro^dding a suitable barrier which improves stent patency. 

The inventive intraluminal stent-graft device may be implanted either by percutaneous 
delivery using an appropriate deliveiy qrstem, a cut-down procedure in which a surgical mcision 
is made and the intraluminal device hnplanted through the surgical mdsion, or by laparoscopic 
or endoscopic or endoscopic delivery. More particularly the present invention rdates to shape 
memory alloy and setf-expanding endohiminal stents which are at least partially ©icapsulated in 
a substantially monoUtiuc expanded polytetrafluoroetiiylene ("ePTFE") covering. In accordance 
witii the present invention, an endoluminal stent, which has a reduced diametric dimenaon for 
endoluminal delivery and a larger in vivo final diametric cEameter, is encapsulated in an ePTFE 
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covering which circumferentially covers both the luminal and abluminal walls along at least a 
portion of the longitudinal extent of the endoluminal stent. The endoluminal stent is preferably 
fabricated from a shape memory alloy which exhibits either shape memory or pseudoelastic 
properties or from an elastic material having an inherent spring tension. In a first embodiment 
of the invention, the endoluminal stent is encapsulated in the ePTFE covering in the stent's 
reduced diametric dimension and is balloon expanded in vivo to radially deform the ePTFE 
covering. The endoluminal stent may be either one which exhibits thermal strain recovery, 
pseudoelastic stress-strain behavior or elastic behavior at mammalian body temperature. While 
in its reduced diametric dimension, the ePTFE encapsulating covering integrally constrains the 
endoluminal stent from exhibiting either thermal strain recovery, pseudoelastic stress-strain 
behavior or elastic behavior at mammalian body temperature. Radial deformation of the ePTFE 
covering releases constraining forces acting on the endoluminal stent by the undeformed ePTFE 
covering and permits the stent to radially expand. In a second embodiment of the invention, an 
endoluminal stent fabricated of a shape memory alloy is encapsulated in its final diametric 
dimension and the encapsulated intraluminal stent-graft is manipulated into its reduced diametric 
dimension and radially expanded in vivo under the influence of a martensite to austenite 
transformation. In a third embodiment of the present invention, a self-expanding intraluminal 
stent, febricated of a material having an inherent spring tension, is encapsulated in its final 
diametric dimension and manipulated to a reduced diametric dimension and ©rtemally 
constrained for intraluminal delivery. Upon release of the external constraint in vivo the spring 
tension exerted by the self-e^anding stent radially expands both the stent and the eiPTFE 
encapsulating covering to a radially enlarged diameter. In a fourth embodiment of the invention, 
the endohiminal stent is fabricated from a material having an inherent elastic spring tendon and 
it is enc^sulated at a reduced dimension suitable for endoluminal delivery and balloon oqianded 
in vivo to radially deform the ePTFE covering. 

Shape memory alloys are a group of metallic materials that demonstrate the ability to 
return to a defined sh^ or size when subjected to certain thermal or stress conditions. Shape 
memory alloys are generally capable of bdng plastically deformed at a relatively low temperature 
and, upon e?q)osure to a relatively higher temperature, return to the defined shape or size prior 
to the deformatiorL Shape memory alloys may be fiirthra: defined as one that yidds a 
thermoelastic martensite. A shape memory alloy which yields a thennodastic martenate 
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undergoes a martenshic transformation of a type that permits the alloy to be deformed by a 
t\wmring mechanism bdow the martensitic transformation temperature. The deformation is then 
reversed when the twimied structure reverts upon heating to the parent austenite phase. The 
austenite phase occurs when the material is at a low strain state and occurs at a given 
temperature. The martensite phase may be either temperature induced martensite (TIM) or 
stress-induced martensite (SM). When a shape memory material is stressed at a temperature 
above the start of martenate formation, denoted M, , where the austenitic state is initially stable, 
but below the maximum temperature at which martensite formation can occur, denoted , the 
material first deforms elastically and when a critical stress is reached, it begins to transfonn by 
the formadon of stress-induced martensite. Depending upon whether the temperature is above 
or below the start of austenite formation, denoted A, , the behavior when the deforming stress 
is released differs. If the temperature is below the stress-induced martensite is stable, 
however, if the temperature is above the martensite is unstable and transforms back to 
austenite, with the sample returning to its original shape. U.S. Patent Nos. 5,597,378, 5,067,957 
and 4,665,906 disclose devices, including endoluminal stents, which are delivered in the stress- 
induced martensite phase of shape memory alloy and return to their pre-programmed shape by 
removal of the stress and transformation fi-om stress-induced martensite to austenite. 

Shape memory characteristics may be imparted to a shape memory alloy by heating the 
metal at a temperature above wluch the transformation fi-om the martensite phase to the austenite 
phase is complete, /. , a temperature above which the austenite phase is stable. The shape of 
the metal during this heat treatment is the shape "remembered." The heat treated metal is cooled 
to a tmq^ature at which the martensite phase is stable, causing the austenite phase to transform 
to the martenate phase. The metal in the martensite phase is then plastically deformed, e.g., to 
fedlitate its deliveiy into a patient's body. Subsequent heating of the deformed martensite phase 
to a temperature above the martensite to austenite transformation temperature, e.g., body 
temperature, causes the deformed martensite phase to transfonn to the austenite phase and 
during this phase transformation the metal reverts back to its original shape. 

The term "shape meimory" is used in the art to describe the property of a material to 
recover a pre-programmed shape after deformation of a shape memory alloy in its martensitic 
phase and exposing the alloy to a temperature excursion through its austenite transformation 
temperature, at which temperature the alloy begins to revert to the austeiiite phase and recover 
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its prq)rogranuned shape. The tenn "pswdoelastidty" is used to describe a property of shape 
memory alloys where the alloy is stressed at a temperature above the transformation temperature 
of the alloy and stress-induced martensite is formed above the normal martensite formation 
temperature. Because it has been formed above its normal temperature, stress-induced 
martensite reverts immediately to undefonned austenite as soon as the stress is removed provided 
the temperature remains above the transformation temperature. 

The martenatic transformation that occurs in the shape memory alloys yields a 
thermodasdc martensite and develops from a high-temperature austenite phase with long-range 
order. The martensite typically occurs as alternately sheared platelets, which are seen as a 
herringbone structure when viewed metallographicaHy. The transformation, although a first-order 
phase change, does not occur at a single tonperature but over a range of temperatures that varies 
with each alloy systan. Most of the transformation occurs over a relatively narrow temperature 
range, although the beginning and end of the transformation during heating or cooling actually 
extends over a much larger temperature range. The transformation also exhibits hysteresis in that 
the transformations on heating and on cooling do not overlap. This transformation hysteresis 

varies with the alloy system. 

» 

A thennoelastic martensite phase is characterized by having a low energy state and 
^isale imetfeces, winch can be driven by small tenq)erature or stress changes. As a consequence 
of this, and of the constraint due to the loss of symmetry during transformation, a thennodastic 
martenate phase is crystallographically reversible. The herringJ)one structure of athermal 
martaisiteessaitially conasts of twin-related, self-accommodating variants. The shape change 

k 

among the variants tends to cause them to eliminate each other. As a result, little macroscopic 
strain is generated. In the case of stress-induced martensite, or whm stressing a 
sdf-accommodating structure, the variant that can transform and yield the greatest shape change 
in the direcdon of the applied stress is stabilized and becomes dominant in the configuration. This 
process creates a macroscopic strain, which is recoverable as the crystal structure reverts to 
austenite during reverse transformation. 

The mediaincal properties of shape memory alloys vary greatly over the transformation 
temperature range. Martensite phase alloys may be deformed to several percent strain at quite 
a low stress, whereas the austenite phase alloy has much higher yield and flow stresses. Upon 
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heating after removing the stress, the a martensite phase shape memoiy allow will remember its 
unstrained shape and revert to its austenite phase. 

Where a shape memory alloy is exposed to temperature above its transformation 
temperature, the martensite phase can be stress-induced. Once stress-induced martensite occurs, 
the alloy immediately strains and exhibits the increasing strain at constant stress behavior. Upon 
unloadiiig of the strain, however, the shape memory alloy reverts to austenite at a lower stress 
and sh^ recovery occurs, not upon the application of heat but upon a reduction of stress. This 
effect, which causes the material to be extremely elastic, is known as pseudoelasticity and the 
efifect is nonlinear. 

The present invention preferably utilizes an binary, equiatomic nickel-titanium alloy 
because of its biocompatibility and that such an alloy exhibits a transformation temperature 
within the range of physiologically-compatible temperatures. Nickel-titanium alloys exhibit 
moderate solubility for excess nickel or titanium, as well as most other metallic elements, and 
also exhibits a ductility comparable to most ordinary alloys. This solubility allows alloying with 
mar^ of the dements to modify both the medianical properties and the transformation properties 
of the qrstem Excess nickel, in amounts up to about 1%, is the most common alloying addition. 
Excess nickd strongly dq)resses the transformation temperature and increases the yield strength 
of the austenite. Other frequently used elements are iron and chromhmi (to lower the 
transformation ten^)erature), and copper (to decrease the hysteresis and lower the deformation 
stress of the martensite). Because common contaminants such as oxygen and carbon can also 
shift the transformation temperature and degrade the mechanical properties, it is also desirable 
to minimize the amount of these elements. 

As used in this application, the following terms have the following meanings: 

A^Temperature: The temperature at which a shape monory alloy finishes transforming 
to Austenite upon heating. 

A, Temperature: The temperature at which a shape memory alloy starts transforming to 
Austenite upon heating. 

Austenite: The stronger, higher temperature phase present in NiTi. 

Hystereas: The tenq)erature difference between a phase transformation upon heating and 
cooling. In NiTi alloys, it is generally measured as the difiference between hp and I^. 
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M^Temperature: The temperature at which a shape memory alloy finishes transforming 

to Martensite upon cooling. 

M, Temperature: The ten^)erature at which a shape memory alloy starts transforming to 

Martensite upon cooling. 

Martensite: The more deformable, lower temperature phase present in NiTi. 

Phase Transformation: The change from one alloy phase to another with a change in 
tCTiperature, pressure, stress, chemistry, and/or time. 

Shape Memoiy: The ability of certain alloys to return to a predetermined shape upon 
heating via a phase transformation. 

Psaidodastidty: The reversible non-linear elastic deformation obtained when austenitic 
shape memory alloys are stramed at a temperature above the but below the maximum 
temperature at which pseudoelastidty is obtained. 

Thermoelastic Martensitic Transformation: A dtflusionless, thermally reversible phase 
transformation characterized by a crystal lattice distortion. 

Summarv of the Invention 

It is a princ5)al objective of the present invention to encapsulate an intraluminal structural 

support with a substantially monolithic covering of ePTFE. 

It is a further objective of the present invention to encapsulate a shape memory alloy 
intraluminal stent with a substantially monolithic covering of ePTFE. 

It is another object of tiie present invration to provide a unique library of endoprostheses 
consisting generally of intrabminal structural supports made of shape memory alloys, which are 
at least partially encapsulated in a substantially monolitiiic expanded polytetrafluoroetiiylene 
covering, and which exhibit either thermal strain recovery, pseudoelastic stress-strain behavior 
or elastic behavior at mammalian body temperature. 

It is a further objective of the present invention to encapsulate a shape memory alloy 
mtraluminal stent at a reduced delivery diametric dimension and balloon expand the ePTFE 
CTcapsulated stent-grafl to radially deform the ePTFE covering and release the radial constraint 
exerted by the ePTFE encapsulation on the shape memory stent thereby penmtting the shape 
memory alloy stent to undergo transformation from its radially constrained dimension to an 
enlarged deployed dimension. 
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It is another objective of the present invention to encapsulate a shape memory alloy 
intraluminal stent at its enlarged diametric dimension, either with an at least partially unsintered 

« 

tubular ePTFE extrudate having a diametric dimension comparable to the enlarged diametric 
dimension of the shape memory alloy intraluminal stent, or with a fiolly sintered ePTFE tubular 
member which has been radially expanded to a diametric dimension comparable to the enlarged 
diametric dimension of the shape memory alloy intraluminal stent and the encapsulated 
intraluminal stent is then reduced in its diametric dimension for endoluminal delivery. 

It is yet a fiirther objective of the present invention to encapsulate a sdf-esqjandmg 
intraluminal stent, such as a GIANTURCO stent or a pseudoelastic shape memory stent, at a 
reduced delivery diametric dimension and balloon expand the ePTFE encapsulated stent-graft 
to radially deform the ePTFE covering and release the radial constraint exerted by the eFTFE 
encapsulation on the self-expanding stent thereby permitting the self-expanding stent to 
elastically radially expand to its in vivo diameter. 

It is another objective of the present invention to encapsulate a self-expanding 
intraluminal stent at its enlarged diametric dimension, either whh an at least partially unsintered 
tubular ePlTE extrudate having a diametric dimension comparable to the enlarged diametric 
dimension of the shape memory alloy mtraluminal stent, or with a fully sintered ePTFE tubular 
member which has been radially expanded to a diametric dimension comparable to the enlarged 
diametric dimension of the sdf-expanding mtraluminal stent and reducing the diametric 
dimension of the encapsulated stent for endoluminal delivery. 

It is a still fiiitiier objective of tiie present imrention to encapsulate at a reduced delivery 
diametric dimension and balloon expand the ePTFE encapsulated stent-grafk to radially deform 
tiie eiPTFE covering and rdease the ra<fial constraint exerted by the ePTFE encapsulation on the 
shape memory stent tiiereby permitting tiie stent to radially expand to a larger in vivo diametric 
dimension eitiier by tiie shape memory property of the stent material or by elastic spring tension. 

It is a fijrtiier objective of tiie present invention to provide metiiods of encapsulating 
shape memory alloy intralununal starts and self-expandmg mtraluminal stents, eitiier at thdr 
reduced diametric dimenaon or at fbdr in vivo diametric dimen^oiL 

It is anotiier objective of tiie present mvention to provide an ePTFE encapsulated 
intraluminal stent vAadti is encapsulated between luminal and abluminal ePTFE tubular monbKS, 



t 
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whCTe the ePTFE tubular members may be applied to the intraluminal stent in their unsintered, 
partially Entered or My sintered state. 

It is a further objective of the present invaition to employ an ePTEE interlayer positioned 
adjacent either the luminal or the ablummal surface of the intraluminal stent as a bonding 
5 adjuvant interlayer between the luminal and abluminal ePTFE tubular members. 

Brief Description of the Drawings 

Figure 1 is a perspective view of the ePTFE encapsulated intraluminal stent in accordance 

with the present inventioiL 
1 0 Figure 2A is a pOTpecdve view of an ePTFE enc^sulated intraluminal stent encapsulated 

at its reduced diametric dimension for intraluminal delivery and balloon assisted expansion in 
vivo. 

Figure 2B is a perspective view of the ePTFE encapsulated intraluminal stent of Figure 
2A illustrating the d*TFE encapsulated mtraluminal stent after balloon assisted expansion. 
15 figure 3 is a side elevational, longitudinal cross-sectional view of the inventive ePTFE 

CTcapsulated intraluminal stent encapsulated at its nominal in vivo dimension. 

Figure 4 is a side devational, longitudinal cross-sectional view of the inventive ePTEE 
encapsulated stent of Figure 4, illustrating tiie ePTFE encapsulated intraluminal stent partially 
at a reduced mtrahmunal ddivery diameter deformed to a relatively reduced diameter suitable 
20 for intrahraunal delivery, mounted on a delivoy catheter having an axially moveable constraining 
sheath ^ch constrains the ePTFE encapsulated sdf-expandmg intraluminal stent in its relatively 

reduced diametric dimensioiL 

Figure 5 is a scaiming electron micrograph, taken at 300X magnification, of an outer 
surfece of the radially expanded ePTEE material used to encapsulate the balloon assisted radially 
25 e?q)andable encapsulated NTTINOL stent of the present invention. 

Figure 6 is a scanning electron micrograph, taken at 300X magnification, of an irmer 
surface of the ePTEE material used to encapsulate the balloon assisted radially expandable 
encapsulate MUNOL stent of the present inventiorL 

Figure 7 is a scaniung electron micrograph, taken at 300X magmfication, of an outer 
30 surfece of the ePTFE material used to encapsulate a self-expanding MillNOL or spring tension 
stent in accordance with the present invention. 

-8- 
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Figure 8 is a scanning electron micrograph, taken at 300X magnification, of an inner 
sinfece of the ePTFE material used to encapsulate a self-expanding NITINOL or spring tension 

stent of the present invention. 

Figure 9A is a flow diagram illustrating the inventive process steps to thermomechanically 
deform a pre-programmed shape memory stent to a reduced diametric dimension for 
encapsulation or endoluminal delivery. 

Figure 9B is a flow diagram illustrating the inventive process steps to encapsulate a shape 
memory alloy stent and a sdf-expanding stent to make each preferred embodiment of the present 
invention. 

Detailed Description of the Preferred Embodiments 

Figure 1 ilhistrates the ePTFE encapsulated intraluminal stent 10 of the present invention 
in a radially enlarged diametric dimensioa The inventive ePTFE encapsulated intraluminal stent 
10 of the present invention is best illustrated with reference to several preferred embodiments 
thereof The first preferred embodiment is depicted in Figures 2 A-2B and consists generally of 
an intraluminal stent 12 made of a shape memory alloy which is at least partially encapsulated 
m a substantially monolithic ePTFE covering 14 while in a relatively smaller diametric dimension 
Di and is radially ©q)andable in vivo under the influence of a radially outwardly directed force 
^dti radially defonns the ePTEE covering 14 and releases the stress exerted on the intraluminal 
stent 12 while at body temperature to permit the intraluminal stent to undergo deformation to 
a larger diametric, dimension D2. 

Figures 3-4 generically depict the second, third and fourth preferred embodiments of the 
present invention an intraluminal stent 20 which is at least partially encapsulated withm a 
substantial^ monolithic eiPTFE covering 14 over at least an entire circumferential portion of the 
luminal and abluminal surfaces of the intraluminal stent 12. The second, third and fourth 
preferred embodiments diflGM* firom one another based upon the type of intraluminal stent 20 
utilized and whether the encapsulated stent device is intended to radially expand in vivo under 
the influence of the shape memory behavior or elastic spring tension behavior of the intraluminal 
stent 20 or whether in vivo delivery wiU be balloon catheter assisted. 

The second preferred embodiment of the present invention consists generally of an 
intraluminal stent 20 made of a shape memory alloy which is at least partially aicapsulated in a 
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substantially monolitiuc ePTFE covering 14 while in a relatively larger diametric dimension Dj 
and in the austenite phase, which is thennomechanically drfbrmed at a temperature induced 
martensite phase and to a smaller diametric dimension D, and constrained by a constraining 
sheath 22 for endohiminal delivery. Once at the delivery site, the external constraint 22 is 
imoved and the intraluminal stent 20 undergoes martenatic transformation to the austenite state 
and thermodasticaUy deforms 24 to its predetermined shape while unfolding or decompressing, 
without plasticaUy deforming, the ePTFE covering 14 into contact with the luminal tissue (not 
shown). 

The third preferred embodiment of the present invention consists generally of a sdf- 
expanding intraluminal stent 20 made from either an elastic spring material or of a pseudoelastic 
shape memory material, and is at least partially encapsulated in a substantially monolithic ePTFE 
covaing 14 while in a relatively small diametric dimenaon D2 such that the ePTFE encapsulating 
covering 14 acts to inq)art strain upon the intraluminal stent 20 and constrain the intraluminal 
stent from radial expansion to a relatively larger diametric dimenaon Dj , until intraluminalfy 
delivered and the ePTFE encapsulation radially deformed at body temperature to release the 
strain emted by the eiPTFE covering 14, thereby permitting the self-expanding intraluminal stent 
20 to radially deform to a relatively larger diametric dimension. 

The fourth preferred embodiment of the present invention consists generally of a sdf- 
expanding intraluminal stent 20 made from either an elastic spring material or a pseudoelastic 
shape memory material, which is at least partially encapsulated in a substantially monolithic 
ePTFE covering 14 while in a relatively larger diametric dimension Dj such that the eiPTFE 
enc^sulating covering 14 restrains the intraluminal stent from further setf-eaqianaoa The 
assanbly is then worked, such as by crimping, calendaring, foldmg, compresang or the Bke to 
reduce its diametric dimension to the reduced diametric dimension D, suitable for endohiminal 
delivery and constrained by an external constraining sheath 22. Once poationed at a deared 
intrahiminal ate, flie constraining sheath 22 is removed to release the constrairra^ force and the 
intraluminal stentis permitted to dastically »q)and as denoted by arrows 24, carrying the ePTFE 
covering 14 into contact with the intraluminal tissue (not shown). 

As will be illustrated by the following examples and the accompanying process flow 
diagrams at Figures 9A and 9B, the methods for making each of the foregoing embodiments 
differ with each preferred embodiment. The diflfoence in the methods is largely due to the 
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selection of intraluminal stent type and whether the intraluminal encapsulated stent is intended 
for intraluminal ddivery by balloon deformation of the ePTFE covering or whether delivery will 
occur due to the self-expanding property of the intraluminal encapsulated stent and non- 
deformation of the ePTFE covering. 

First Embodiment 

In accordance with a first preferred embodiment, illustrated in Figures 2A and 2B, there 
is provided a balloon ejcpandable encapsulated shape memory aUoy intraluminal stent 10. The 
balloon ejqwndable oicapsulated shape memory alloy intraluminal stent 10 consists generally of 
an endoluminal stent 12 fabricated of a shape memory aUoy, preferably one having an A, value 
at a physiologically acceptable temperature compatible with tissue conservation, such as 
equiatomic nickel-titanium alloys known as NITINOL. The endoluminal stent 12 is at least 
partially encapsulated in a substantially monolithic ePTFE covering 14 while tiie endohmmial 
stent 12 is in a relatively smaller diametric dimension D,. The substantially monolitiiic ePTFE 
covering 14 is a continuous integral tubular structure, is free of seams and covers at least part 
of both the luminal and abluminal surfeces about an entire circumferential section of the 
endohiminal stait 12 along at least a portion of tiie lon^tudinal axis of the intraluminal stent 12. 
As iUustrated in Figures 5 and 6, tiie substantially monolitiiic ePTFE covering 14 is characterized 
by having a node and fibril microstructure where the nodes are oriented generally perpendicular 
to tiie longitudinal axis 30 of tiie stent 12 and tiie fibrils are oriented generaUy paralld to tiie 
lon^dinal axis 30 of tiie stent 12, witii tiie distance between adjacent nodes bong termed the 
"internodal distance." As more fiilly described in the paroit application, published as 
International AppUcation No. WO 96/28115, incorporated by reference, tiie substantially 
monolitiiic ePTFE covering 14 is preferably radially deformable at applied pressures less than 
about ax atmospheres, most preferably less tiian about tinee atmospheres, due to the defiarmable 
nature of tiie nodes along tiieir longitu<Unal axis, i.e., radial rdative to the substantially 
monolitiiic ePTFE covering 14 and perpendicular to the longitudinal axis 30 of the intrahmrinal 
stent 12. The encapsulated intraluminal stent 10 is radialfy expandable m vivo undra- tiie 
influence of a radialty outwardly directed force, sue* as fi^m a balloon catheter, vAadi radially 
deforms the tfTEE covering to a second relative large diametric dimension, Dj, to rdease the 
constraining stress exerted on the intralumfaial stent by the ePTFE covering while tiie 
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encapsulated intraluminal stent 10 is at body temperature. The simultaneous release of the 
constraining force exerted by the ePTFE covering permits the intraluminal stent 12 to undergo 
thermomechanical deformation to a larger diametric dimension. 

EXAMPLE 1 

BALLOON ASSISTED THERMALLY DEPLOYED STENT 
A balloon assisted encapsulated shape memory alloy stent was constructed by 
longitudinally slitting about 5 cm of a 60 cm length of a first seamless unsintered expanded PTFE 
tube having an inner diameter of 3.0 mm. The slit ends were gripped into a fixture allowing the 
tube to hang vertically. At the opposite end of the tube, a length of wire was attached to asast 
in threading the tubing through the inner diameta- of the stent. The thickness of the ePTFE layer 
was measured to be about 0.35 mm using a snap gauge. The ePTFE tube has a node-fibril 
microstructure in which the fibrils are oriented parallel to the longitudinal ajds of the tube 

throu^out the wall thickness of the ePTFE tube. 

A 10 X 40 mm shape memory endoluminal stent was placed in a cold, dry environment 
at approximately -40° C and compressed about a mandrel having an oitter diameter of 4.5 mm 
by mechanically deforming the stent to circumferentially conform to the outer diameter of the 
mandrel. The compressed stent was then removed from the cold, dry environment and 
concentrically passed over the outer diameter of the vertically hanging ePTFE tube, passing the 
wire through the stent lumen to assist in engaging the stent about the ablummal surfece of the 
ePTFE tube without tearing or marring the ePTFE tube. A 3 .3 nmi diameter mandrel was then 
slid into the lumen of the ePTFE tube/stent assembly, and the tubing secured to the mandrel 
uang Vi inch strips of tetrafluoroethylene (TFE) tape. The assembly was then rraioved from the 

vertical hanging fixture. 

A 60 cm length of a second seamless partially sintered ePTFE tube, having an inner 
diameter of 4.3 mm, sBghtiy larger inner diameto- than the outer diameter 
to provide an interference fit between the first and second ePTFE tubes, was slit longitudinally 
in the same manner as described above, and placed in the vertical hanging fixture. The mandrel 
bearing the first ePTFE tube and the shape memoiy stent was then passed into the lumen of the 
second tube, until the stent was approximately centered on the mandrel. The wall thickness of 
the second layer was measured as desaibed above, and the tKckness was found to be about 0.35 
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mm. Again, as with the first, imier ePTFE layer, the fibrils were oriented parallel to the 
longitudinal axis of the tube. The ends of the second tube were also wrapped with strips of TFE 
tape to secure to the mandrel. 

The assembly was then placed in a helical winding wrapping machine which tension 
5 wraps the assembly with a single overlapping layer of 14 inch TFE tape. The overlap of the 
winding was about 70%. The tension exerted by the TFE wrapping tape compresses the 
ePTFE/stent/ePTEE composite structure against the mandrel, thereby causing the layers of 
ePTFE to come into intimate contact through the interstices of the shape memory stent. The 
tension wrap was set to exert 1 .7 psi pressure circumferentially around the ePTFE/stent/ePTFE 

1 0 and mandrel assembly. 

The wrapped assembly was placed into a radiant heat fiimace, which had been preheated 
to a 337** C set point. The assembly remained m the fiimace for about 7 minutes, and was 
removed. The heated assembly was allowed to cool for a period of time su£Scient to permit 
manual handling of the assembly, A&er cooling the TFE helical wrap was unwound fi-om the 

15 sample and discarded. The now ePTEE encapsulated stent assembly was then concentrically 
rotated about the axis of the mandrel to release any adhesion between the inner ePTFE layer and 
the mandrel. The ePTFE encapsulated stent assembly, still on the mandrel, was placed into a 
laser trimming fixture to trim excess ePTFE materials away firom the proximal and distal ends. 
After trimming, the trinmied encapsulated stent was removed firom the mandrd. 

20 Five encapsulated stent samples were prepared in accordance with the foregoing 

description and were each placed a balloon on a 10 mm by 4 cm PTA balloon dilation catheter. 
The device was then placed into a temperature controlled water bath maintained at 37** C. The 
balloon was pressurized uang a saline filled iiiflator, thereby expanding the encapsulated stent. 
Each ^r-aps^iM^ stent device was radially expanded under the influence of balloon deformation 

25 of the ePTEE encapsulating covering with fiill radial deformation to a 10 mm inner diameter 
occurring at inflation pressures between 2 and 4 atmospheres. 
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EXAMPLE2 
THIN WALL THERMALLY DEPLOYED STENT 
The radially expanded encapsulated stents obtained from Example 1 were placed over 
a 10 mm diameter stainless steel mandrel, and spiral wrapped using Vi inch ePTFE tape as 
described above. 

The wrapped assembly was placed, again into a radiant heat fomace, which had been 
preheated to 337*^ C set point. The assembly remained in the fiimace for about 10 minutes, and 
was removed. The heated assembly was allowed to cool for a period of time sufficient to permit 
manual handling of the assembly. After air cooling, the ends of the mandrel was engaged in two 
rings and the TFE helical wrap was unwound from the encapsulated stent samples and discarded. 
The encapsulated stents were concentrically rotated about the axis of the mandrel to release 
adhesion between the luminal ePTFE surface of the encapsulated stent and the mandrel. 

The encapsulated stent was next cooled to about -20 °C in a cold dry environment and 
allowed to equiUbrate for 30 minutes. The cooled encapsulated stent was then rolled between 
2 plates to successively reduce the encapsulated stent inner diameter to about 3.5 ram, 
representing a reduction of about 40% from the radially expanded inner diameter of the 
encapsulated stent. The encapsulated stent at the reduced inner diameter of 3.5 mm was My 
inserted into a constraining sheath having an iimer diameter of approximately 3.7 mm. 

The externally constrained encapsulated stent was then removed from the cold 
environment, and placed into a water bath maintained at a temperature of 37*" C. A pusher rod 
was inserted into the constraining sheath and impinged upon one end of the constrained 
encapsulated stent. By pasang the pusher rod through the constraining sheath, the encapsulated 
stent was ejected from constraining sheath. As the stent was ejected, it radially dilated from its 
conqnessed state, and re-assumed the original fiiUy expanded diametric dimenaon of about 10 
mm mner diameter. 

Second Embodiment 

The second preferred embodiment of the present invention, depicted in Figures 3-4, 
consists generally of an intraluminal stent 20 made of a shape memory alloy wMch is at least 
pardally encapsulated in a substantially monolithic ePTFE covering 14 while in a relatively larger 
diametric dimension and in the austeiiite phase, which is thermomechanically deformed to a 
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tetiq)erature induced martensite phase and to a smaller diametric dimension Di and constrained 
by constraining sheath 22 for endoluminal delivery. Once at the delivery site, the constraint 22 
is removed and the intraluminal stent 20 undergoes martensitic transformation to the austenite 
state and thermoelastically deforms 24 to its enlarged diametric dimension Dj while unfolding 
the ePTFE covering 14 into contact with the luminal tissue (not shown). 

EXAMPLES 

THERMALLY SELF-DEPLOYING ENCAPSULATED STENT 
A thermally deployed encapsulated shape memory alloy stent was constructed by placing 
a 40 cm length of a &st seamless expanded PTFE tube over a 10 nam cyhndrical stainless steel 
mandrd. The inner diameter of the ePTFE tube was of a sufficient size to permit an interference 
fit with the mandrel. The thickness of the ePTFE layer was measured to be about 0.20 mm by 
taking a radial slice of the seamless tube, and evaluated by light microscopy mcorporating a 
calibrated reticle. The ePTEE tube has a node-fibril microstructure in which the fibrils are 
oriented perpendicular to the longitudinal axis of the mandrel throughout the wall thickness of 
the ePTFE tube. The ends of the ePTFE tube were wrapped with TFE tape to keep the tube 
firom sliding along the mandrel for the next assembly step. A shape memory alloy stent having 
a nominal inner diameter of about 10 mm and being about 100 mm in length in its enlarged 
diametric configuration was concentrically placed over the ePTFE covered mandrel at about 22 
C and positionally centrally along the longitudinal length of the ePTFE tube. The inner diameter 
of the shape memory stent was toleranced to the outer diameter of the ePTFE tube on the 
mandrel and engaged about the ePTFE tube without tearing or disturbing the surface of the 
ePTFE tube. A second seamless ePTEE tube having a wall thickness of 0.20 mm, measured as 
described above, was concentrically engaged over the stent and the first ePTFE tube by first 
making diametrically opposed longitudinal slits m one end of the second dPTFE tube and 
concentrically inserting the mandrel/first ePTFE tube/stent assembly into the lumen of the second 
tube. Again, as with the first ePTFE tube, the second ePTFE tube has a node-fibril 
microstructure in which the fibrils are oriented parallel to the longitudinal axis of the second 
ePTFE tube throughout the wall thickness of the second ePTFE tube. The opposing ends of the 
second ePTFE tube were secured about the first ePTFE tube and the mandrel by tension 
wrapping with strips of TFE tape. 
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Hie entire assembly was then placed in a helical winding tenaon wrapping machine which 
tension wrapped the assembly with a single overlapping layer of Vi inch TEE tape in the same 
manner as in Exsanplt 1 to compress the ePTFE material from the first and second ePTFE tubes 
into intimate contact with one another through the wall openings of the stent. 

The wrapped assembly was placed into a radiant heat fiimace, which had been preheated 
to about a 337° C set point. The assembfy remained in the fiimace for about 1 0 minutes, and was 
removed. The heated assembly was allowed to cool for a period of time suflBdent to permit 
manual handling of the assembly. After cooling, the ends of the mandrel were engaged in two 
rings and the TFE heUcal wrap was unwound from the encapsulated stent assembly and 
discarded. The encapsulated stent assembly was then circumferentially rotated about the axis of 
the mandrel to break any adhesion occurring between the lummal ePTFE material and the 
mandrel. Excess ePTFE material from the proximal and distal ends of the encapsulated stent 
assembly was then laser trimmed m the manner described in Example 1 and the encapsulated 
stent assembly was removed from the mandrel. 

The encapsulated stent was then cooled to about -20 ''C in a cold dry environment and 
allowed to equilibrate for 30 minutes. The encapsulated stent was then flattened between 2 plates 
to bring diametrically opposed luminal wall surfaces of the encapsulated stent into contact with 
one another, iherdby creating a flat structure without an inner lumen. The encapsulated stent was 
thai folded over itsdf along its long^tudmal axis once, and then again for a total of one flattening 
operation and two folding operations. Thus, the diameter of the embedded stent was reduced 
about 60% from it original post encapsulated diameter. While still in the cold, dry. environment, 
the device was fiilly inserted into a constraining sheath with an internal diameter of approxunately 
4.7 mm. 

The folded and sheathed stent was then removed from the cold environment, and placed 
into a water bath maintained at a temperature of ST^'C. A pusher was inserted into the lumen of 
the constraining sheath and the encapsulated stent was ejected from the constraining sheath as 
desCTibed above in Example 2. As the stent was ejected, it unfolded from its flattened and folded 
state, and re-assumed the original tubular diametric configuration having a nominal inner 
diameter of 10 nun. 
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Third Embodiment 

The third preferred embodiment of the present faivention, depicted in Figures 2A-2B, and 
consists generally of self-expanding intraluminal stent 10 made from either an elastic spring 
material or of a pseudoelastic shape memory material, and is at least partially encapsulated in a 

5 substantially monolithic ePTFE covering 14 while in a relatively small diametric dimension Di 
such that the ePTFE encapsulating covering 14 acts to impart strain upon the intraluminal stent 
10 and constrain the intralummal stent 10 from radial expansion to a relatively larger diametric 
dimension Dj.. Until it is intraluminally delivered and the ePTFE encapsulation 14 radially 
deformed at body temperature to release the strain exerted by the ePTEE covering 14 the self- 

10 expancfing intralummal stent 10 cannot radially deform to a relatively larger diametric dimension 



EXAMPLE4 

ELASTIC SPRING BALLOON DEPLOYED ENCAPSULATED STENT 

15 An encapsulated dastically self-eqjanding stainless steel stent was construrted by placing 

a 30 cm length of seamless unsintered ePTFE tube over a 3.3 nrni cylindrical stainless steel 
mandrel. The inner diameter of the ePTFE tube was toleranced to provide a slight interference 
fit to the mandrel The thickness of the ePTEE layer was measured to be about 0.35 mm by direct 
measurement of seamless tube wall using a snap gauge. The ePTFE tube has a node-fibril 

20 microstructure in which the fibrils are oriented parallel to the longitudinal axis ePTFE tube 
throughout the wall thickness of the ePTFE tube. The ends of the ePTFE tube were wrapped 
with strips of TEE t^e to retain the position of the ePTEE tube on the mandrel for the next 
assembly step. A second seamless antered ePTEE tube was concentrically engaged over the first 
ePTFE tube by first longitudinally slitting opposing ends of the ends of the second tube, then 

25 mserting the mandrel and first ePTFE tube into the lumen of the second ePTEE tube. One md 
of the second ePTFE was wrapped with strips of Vi inch TFE tape to secure it to the first ePTFE 
tube and the mandid. The wall thickness of the second layer was measured as described above, 
and the thickness was found to be about 0.35 mm. As with the first ePTFE tube, the second 
ePTFE tube has a node-fibril microstructure in which the fibrils are oriented parallel to the 

30 longitudinal axis of the ePTFE tube. 

An elastic spring stamless steel stent having a nominal inner diameter of about 15 mm and 
a length of about 24 mm in its enlarged diametric configuration was inserted into a constraining 
sheath to reduce the inner diameter to about 4.0 mm. A small length of the stent is left exposed 
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from one end of the constraining sheath. The constraining sheath containing the radially 
constrained stent was inserted ova* the mandrd, and forced between the first and second ePTEE 
tubes sudi that it was positioned intermediate to the first and second ePTFE tubes. The e)q)Osed 
end of the stent was then fiictionally engaged through the second ePTFE tube wall and the 

5 constraming sheath retracted, leaving the stent positioned between the first and second ePTFE 
tubes. The unsecured end of the second ePTFE tube was then secured to the first ePTFE tube 
and the mandrel with strips of inch TFE tape. 

The assembly was then placed in a helical winding machine to tension wrap a single 
overlapping layer of Vi inch TFE tape, and sintered in a radiant heat fiimace, cooled, the TFE 

10 tape unwrapped and the excess ePTFE laser trimmed as described in Example 1 above. 

The resulting encapsulated stent was placed over the balloon on a 12 mm by 4 cm PTA 
balloon dilation catheter. The device was then placed into a temperature controlled water bath 
maintained at 45° C. The balloon was pressurized using a saline filled inflator which radially 
deformed the ePTFE encapsulation and permitted radial espanaon of the elastically self- 

15 e3q)anding stent. The encapsulated stent fiiUy radially expanded to a 12 mm inner diameter at 
an applied pressure of 2.5 atmospheres. 

Fourth Embodiment 

The fourth preferred embodunent of the present invention, also representatively depicted 

20 in Figures 3-4, consists genially of a self-expanding intraluminal stent 20 made fi*om either an 
elastic spring material or a pseudoelastic shape memory material, which is at least partially 
encapsulated in a substantially monolithic ePTFE covering 14 while in a relatively larger 
diametric dimension such that the ePTFE encapsulating covering 14 acts as to restrain the 
mtraluminal stent 20 from fiirther self-expansion. The encapsulated assembly is then worked, 

25 such as Iqr crimping, calendaring, foldmg, or the like, to its reduced diametric dimension to 
achieve a profile suitable for endolummal dehvery and the assembly is then constrained by an 
external constraining sheath 22. Once positioned at a desired intraluminal site, the constraining 
dieath 22 is removed to idease the constraining force and the intraluminal stent 20 is permitted 
to elastically expand 24, carrying the ePTEE covering 14 into contact with the intraluminal tissue 

30 (Not shown). 
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EXAMPLES 

STRESS-INDUCED MARTENSITE SELF-DEPLOYING ENCAPSULATED STENT 
A self deploying encapsulated shape memory alloy stent is constructed by placing a 40 
cm length of seamless expanded PTFE tube over a 10 mm cylindrical stainless steel mandrel. The 
inner diameter of the ePTFE tube is closely toleranced to provide a slight interference fit to the 
mandrel. The thickness of the ePTFE layer is measured to be about 0.20 mm by taking a radial 
slice of the seamless tube, and evaluated by light microscopy incorporating a calibrated reticle. 
The tubing is constructed such that the fibrils are oriented perpendicular to the longitudinal axis 
of the mandrd. The ends of the seamless tube are wrapped \wth strips of TFE tape to keep the 
tube fi-om sliding along the mandrel for the next assembly step. A shape memory alloy stent 
about 10 mm inner diameto* by 100 mm m laigth in its enlarged diametric configuration is placed 
over the ePTFE covered mandrel at about 22** C and centered over the ePTFE layer. The inner 
diameter of the shape memory stent is closely toleranced to the outer diameter of the ePTFE 
covered mandrel A second tube of seamless expanded PTFE is placed over the stent by slittii^ 
the ends of the second tube, and inserting the mandrel, ePTFE tube, and stent assembly into the 
second tube. The wall thickness of the second layer is measured as described above, and the 
thickness is found to be about 0.20 mm. Again, as with the first, inner ePTFE layer, the fibrils 
are oriented perpendicular to the longitudinal axis of the mandrel. The ends of the second tube 
are also wrapped with strips of TFE tape. 

The assCTibly is then placed in a hdical winding machine which wraps the assembly with 
a angle overfapping layer of V4 inch TEE tape. The overlap of the winding was about 70%. The 
wrapping material compresses the ePTFE/Stait/ePTFE composite structure against the mandrel, 
causing the layers of ePTFE to come into intimate contact through the interstices of the shape 
memory stent. 

The wrapped assembly is placed into a radiant heat fiimace, which is preheated to a 337 
C set point. The assembly remains in the furnace for about 1 0 minutes, and removed. The heated 
assembly is allowed to cool for a period of time sufficient to permit manual handling of the 
assembly. After cooling, the ends of the mandrel are engaged in two rings, allowing the TFE 
helical wi^ to be unwound firom the sample and discarded. The ePTFE/Stent assembly is then 
rotated about the axis of the mandrel to break the grip of the inner ePTFE layer to the mandrel. 
The stent sample, while still on the mandrel, is placed into a fixture to allow for laser trimming 
of the ePTFE materials away fi-om the embedded stent. Trimming operation is performed on 
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both ends of the device. After trinraiing, the embedded and trimming stent was removed from 
the mandrel. 

The encapsulated stent is thai roHed between 2 plates, redurang the diameter of the stent 
to about 3.5 mm. Thus the diameter of the embedded stent is reduced about 40% from its 
original post encapsulated diameter. While in the compressed state, the device is fiilly mserted 
into a constraining sheath with an internal bore of approximately 3.7 mm. 

The constrained stent is placed into a water bath maintained at a temperature of 37° C. 
A pusher was inserted into the bore of tiie sheath, and the stent qected from the constraining 
sheath. As the stent was ejected, it unfiiried from its flattened and folded state, and re-assumed 
the oiigmal post encapsulation tubular diametric configuration. 

Fifth Embodiment 

In accordance vwth a fifth preferred embodiment of the inventive encapsulated stent, an 
at least partial^ unsintered tubular interijqrer is intffdi^osed b^een the inner and outer ePTFE 
layers and adjacrait the intraluminal stent along at least a longitudinal extent thereof The 
interlayer member may conast of a angle tubular member which extends along at least a portion 
of the longitudinal axis of the intraluminal stoit. Ahematively, the interlayer member may consist 
of a lAirality of ring-like members poationed along the longitudinal axis of the intrahiminal stent 
and in spaced-apart rdationshq) firan one and other. The interlayer member is may be preferably 
employed either T) v/here at least one of the inner and outer ePTFE tubular mranbers of the 
inventive oicapsulated intiahraiinal stent is fiilly sintered to formation of a monohthic joining of 
tiie inner and outer ePTFE tubular members, and/or 2) to serve as a barrier between a radiopaque 
marker and the intralummal stent to msulate against galvarac corroaon resulting &om contact 
of metal atoms in a radiopaque marker and metal in an intraluminal stent 

The inter^rer member may be enq>loyed with any type of intrahaninal stent, i.e., a shape 
memory alloy vMch bdiaves in ather a tiiermodastic or psoidodastic manner, with a sdf- 
e^anding stent in which radial expanaon is a ^ring tenaon mediated event, or witii a balloon 
expandable stent. 

EXAMPLE 6 

THERMALLY SELF-DEPLOYING ENCAPSULATED STENT 
A thennally deployed racapsulated shape memory alloy stent was constructed by placing 
a 40 cm lengtii of a first sintered seamless aqjanded PTEE bibe over a 10 mm cyUndrical 
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Stainless steel mandrel. The inner diameter of the ePTFE tube was of a suffident size to permit 
an interference fit wth the mandrel. The tWdmess of the ePTFE layer was measured to be about 
0.20 mm by taking a ractial slice of the seamless tube, and evaluated by light microscopy 
incoiporaling a calibrated retide. The ePTFE tube has a node-fibril microstnicture in which the 

5 fibrils are oriented parallel to the longitudinal axis of the mandrel throughout the wall thickness 
of the ePTFE tube. The ends of the ePTFE tube were wrapped with TFE t^e to keep the tube 
fi-om sliding along the mandrel for the next assembly step. A shape memory alloy stent having 
a nominal inner diameter of about 10 mm and bdng about 100 mm in length in its enlarged 
diametric configuration was concentrically placed over the ePTFE covered mandrel at about 22 

10 C and poationally centrally along the longitudinal length of the ePTFE tube. The inner diameter 
of the shape memory stent was toleranced to the outer diameter of the ePTFE tube on the 
mandrel and engaged about the ePTFE tube without tearing or disturbing the surface of the 
ePTFEtube. 

A pair of unsmtered ePTFE rings, prepared by wrapping unsintered ePTFE fihns 

15 concentrically about each of the opposing ends of the shape memory alloy stmt and the first 
antered ePTFE tube, sudb that the node and fibril microstnicture of the unsintered ePTFE rings 
had a fibril orientation perpendicular to the fiber orientation of the first ePTFE tube and the 
longitudinal axis of the stent. 

A second sintered seamless ePTFE tube having a wall thickness of 0.20 mm, measured 

20 as described above, was concentrically OTgaged over the entire length of the stent, the pair of 
unsintered ePTFE rings and the first ePTFE tube by first making diametrically opposed 
longitudinal slits in one end of the second ePTFE tube and concentrically inserting tiie 
mandrel/first ePTEE tube/stent assembly into the lumen of the second tube. Agam, as with the 
first ePTFE tube, the second ePTFE tube has a node-fibril microstnicture in which the fibrils are 

25 oriented paralld to the longitudinal aMS of the second dPTFE tube throughout the wall thickness 
of the second ePlTE tube. The opposing ends of the second ePTFE tube were secured about 
the first ePTFE tube and the mandrd by tension wrapping with strips of TFE tape. 

The entire assembly was thwi placed in a hdical winding tension wrapping machine which 
tension wrapped the assembly with a single overlapping layer of 14 inch TFE tape in the same 

30 manner as in Example 1 to con5)ress the ePTFE material firom the first and second ePTFE tubes 
into intimate contact with one another through the wall openings of the stent. 

The wr^ed assembly was placed into a radiant heat fiimace, which had been preheated 
to about a 337*" C set point. The assembly remained in the fiiraace for about 10 minutes, and was 
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removed. The heated assembly was allowed to cool for a period of time sufifident to permit 
manual handling of the assembly. After cooling, the ends of the mandrel were engaged in two 
rings and the TEE helical wrap was unwound from the encapsulated stent assembly and 
discarded. The encj^sulated stent assembly was then cffcumferentiaUy rotated about the a^ds of 
the mandrel to break any adhesion occurring between the luminal ePTFE material and the 
mandrel. Excess ePTFE material from the proximal and distal ends of the encapsulated stent 
assembly was then laser trimmed in the manner described in Example 1 and the encapsulated 
stent assembly was removed from the mandrel. 

The encapsulated stent was then cooled to about -20 °C in a cold dry environment and 
allowed to eqmlibrate for 30 minutes. The encapsulated stent was then flattened between 2 plates 
to bring diametrically opposed luminal wall surfaces of the encapsulated stent into contact with 
one another, therdxy creating a flat structure without an inner lumen. The encapsulated stent was 
then folded over itself along its longitudinal axis once, and then again for a total of one flattening 
operation and two folding operations. Thus, the diameter of the embedded stent was reduced 
about 60% from it original post encapsulated diameter. While still m the cold, dry environment, 
the device was fiilly inserted into a constraining sheath with an internal diameter of approximately 
4.7 mm. 

The folded and sheathed stent was then removed from the cold environment, and placed 
into a water bath maintained at a temperature of 37°C. A pusher was uiserted into the lumen of 
the constraining sheath and the encapsulated stent was ejected from the constraining sheath as 
described above in Example 2. As the stent was ejected, it unfolded from its flattened and folded 
state, and re-assumed the ori^nal tubular diametric configuration having a nominal iimer 
diameter of 10 mm. 

While the interlayer member employed in the foregoing Example 6 was a sheet of 
unantcred ePTEE material, it will also be appreciated that tubular or ring-like unantered ePTEE 
members may be employed. Where the mterlayer member is a tubular or ring-like unsintered 
ePTFE member, the interlayer member will preferably have a node and fibril miCTostructure in 
which the fibril orientation of the interlayer member is parallel to the longitudinal axis of the 
interlayer member and parallel with the fibril orientation of the inner and outCT ePTFE tubular 
members which the int^layer member is interdisposed between. This co-parallel arrangement 
of the fibril orientations of the interlayer member and the inner and outer ePTFE tubular 
members permits the resulting encapsulated stent device to be fiirther radially e7q)anded by 
balloon e)q)ansion in order to fiirther model the in vivo profile to the receiving anatomical 
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stiucture at radial expansion pressures comparable to that of the balloon assisted encapsulated 
stent embodiments described above. 

Where a thermodastic transformation of a shape memory intraluminal stent is desired, 
care must be taken to 1) avoid imparting a secondary shape memory to the shape memory alloy 
5 during sintering of the ePTFE encapsulating covering, 2) avoid inducing stress-induced 
martenate formation during thermomechanical forming for either encapsulation or mounting 
onto a delivery catheter, and 3) avoid mducmg non-recoverable strains by exceeding the strain 
limit of the shape memory alloy material used. Where the elastic behavior of a stent made of 

» 

either a pseudoelastic shape memory alloy or a spring tension material, care rnust be taken to 

10 avoid plastically deforming the stent whidi would deleteriously effect the elastic deformation 
property of the intraluminal stent during mtraluminal delivery. Finally, where the pseudoelastic 
behavior of an intraluminal stent made of a shape memory material is to be utilized m the 
encapsulated intraluminal stent, care must be taken to maintain the temperature of the shape 
memory alloy above but below during either the process of encapsulating the stent at a 

15 reduced diameter, and brfore sintering, for balloon expanaon in vivo or during deformation of 
the encapsulated stent to a reduced delivwy diameter for loading onto a delivery catheter. In this 
manner, the stress-induced martensite phase will be induced in the shape memory alloy during 
deformation of the stent to a diametric dimension suitable for endoluminal delivery and 
maintained so that v^dien the encapsulated stent, in the stress-induced martensite state is delivered 

20 and cither the ePTFE constramt or the constraining sheath is relieved, the strain is released and 
the stent, in the stress-induced martensite phase is permitted to transform to austenite and the 
stent to dastically deform to its pre-programed diametric dimension. 

The metiiods described in the foregoing Examples are summarized in Figures 9A-9B, 
wfaidi are process flow diagrams setting forth the fimdamental method steps of the methods to 

25 make each of the above-described preferred embodiments. Where a shape memory intraluminal 
stent is to be encJ5)sulated in an ePTFE covering, and thermodastic transformation of the shape 
memory stent is deared, eitho* in a balloon assisted expandable encapsulated stent embodiment 
or in a self-expanding encapsulated stent embodiment, the thermodastic deformation of the shape 
memory stent from its enlarged diametric dimension Dj to its reduced diametric dimension D, 

30 may be accomplished in accordance vdtii the metiiod 40 set forth in Figure 9A. Thermodastic 
deformation method 40 entails first providing an shape memory alloy intraluminal stent having 
; a predetermined shape memory configuration 42. The intraluminal stent is then exposed to a 

temperature bdow the martensite transformation temperature M, of the shape memory alloy 44 
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and allowed to eqiulibrate at the sub-martensite transformation temperature While stiU 
below the M, temperature, the stent is mechanically deformed to reduce its diameter from the 
enlaiged diametric dimrasion Dj to a reduced diametric dimension D, suitable for endoluminal 
delivery. The stent at its reduced diametric dimension is now at a dimensional state suitable for 
encapsulation at its reduced diametric dimension D,. 

The encapsulation method 60 is more ftilly set forth in Figure 9B, and is applicable for 
other a shape memory alloy intralummal stent which is to be enc^sulated either at its reduced 
diametric dimension D, or at its enlarged diametric dimension D2. as well as for a self-expandmg 
stent vviiich radially expands due to inherent s;pring tension in the stent. A luminal ePTFE tube 
62 is concentrically engaged upon a mandrel 64 and secured to the mandrel. Ether a shape 
memory stent or a self-expanding stent is selected at step 66. If a shape memory stent is 
selected 70, the ^bsps monoiy stent 52 is engaged over the luminal ePTFE tube at step 54 while 
Tnamtaining the Stent at a teanperature below A, to prevent the stent from radiaEy e5q)anding. If 
a self-expanding stent is selected 68, an abluminal ePTFE tube is concentrically engaged over 
Ae hmiinal ePTFE tube and the self-expanding stent 80 interdisposed between the Imninal and 
ablununal ePTFE tubes and secured there between 78. Where a shape memory alloy intraluminal 
stent is employed 74, the abluminal ePTFE tube is concentrically engaged over the stent. Once 
the stent is positioned intermediate between the luminal and abluminal ePTFE tiibes, tiie entire 
assembly is then wrapped witii TFE tape 82 to exert a circumferential pressure about tiie entire 
circumference of botii the luminal and abluminal ePTFE tiibes and die stent, causing tiie ePTFE 
tubes to be motivated into intimate contact witii one and otiier tiirough tiie mterstices of tiie 
stent The entire wr^iped assembly is tiien antered 84 and excess ePTFE overlajmg ends of tiie 

stent may be trimmed 86. 

Once trimmed, tiie encapsulated stent is then prepared for mounting onto a delivery 
caflirter 88, eiflier by mounting die encapsulated stmt in its reduced diametric diinenaon Dj onto 
a balloon catiieter for balloon-assisted delrvoy, or by thermomechanical deformation from tiie 
oilarged diametric dimenaon Dj to tiie reduced diametric dimenaon D, following the metiiod 
steps of tiiermomechanical deformation 40 or formation of stiiess-induced martensite for 
psoidodastic recovery by crinq)ing, folding or otiierwise redudng the encapsulated stent to its 
reduced diametiic dimension Dj, mounting onto a delivery catheter and applying an external 
constraining sheath concentrically over the encapsulated stent. 

Those skilled in the art will understand and appreciate that while tiie present invention 
has been described witii reference to its preferred embodiments and tiie examples contained 

-24- 



wo 99/38455 PCT/US98/08994 

herein, certain variations in material composition, shape memory alloy constitution, stent and 
ePTFE dimensional size and configuration, temperatures, times and other operational and 
environmental conditions may be made wtiiout departing fi-om the scope of the present invention 
which is limited only by the claims appended hereto. For example, one skilled in the art will 
understand and q)preciate fi-om the foregoing that the methods for malting each of tiie foregoing 
embodraients diflBers with each preferred embodiment. These differences in the metiiods are 
largely due to the selection of intraluminal stent type and whether the mtraluminal encapsulated 
stent is mtended for intralummal delivery by balloon expansion or whether delivery will occur 
due to the self-expanding property of the intraluminal encapsulated stent. 
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What is gaimedi is: 

1 . An endoluminal prosthesis, compri^ng: 

an endoluminal stent made of a shape memory material, the endolimiinal stent 
having an at least substantially austenite dimenaonal state whereby the endoluminal stent 
assumes a generally tubular corformadon definmg a central longitudinal lumen ddimited by walls 
of the endoluminal stent, the walls having luminal and abluminal surfeces thereof, and 

a monolithic «panded polytetrafluoroethylene layer forming a continuous 
circumferential covering over at least a portion of the longitudinal axis of each of the luminal and 
abluminal surfaces of the endoluminal stent walls drcumferentiaUy enclosing at least a portion 
of the central longitudinal lumen of the endoluminal stent, the expanded polytetrafluoroethylene 
layer having a node and fibril microstructure wherein the fibrils have a generally uniawal 
orientation throughout the monolithic expanded polytetrafluoroethylene layer. 

2. The endoluminal prosthesis according to Claim 1, wherein the shape memory 
stent fijrther comprises a nickel-titanium alloy. 

3. The endoluminal prosthesis according to Claim 2, wherein the nickel-titanium 
alloy fiirther comprises an alloy consisting essentially of nickel present at about 50 at. %, 
titanium present at about SO at. %. 

4. . The endoluminal prosthesis accordmg to Claim 1, wherein the monolithic 
expanded polytetrafluoroethylene layer fiirther comprises a luminal and an abhmiinal lay©- of 
expanded polytetrafluoroethylene tubular matraal intimately joined to one another through the 
walls of the endoluminal stent 

5. The endoluminal prosthesis according to Claim 1, wherdn the monolithic 
expanded polytetrafluoroelfaylene layer encapsulates the endohmiinal stent in a reduced diametric 
dimension suitable for endoluminal delivery. 

6. The endoluminal prosthesis according to Claim 4, wherein the luminal and an 
abhiminal layers of expanded polytetrafluoroethylene tubular material fiirther comprise radially 
pre-esqpanded microporous polytetrafluoroethylene tubular members and the endoluminal stent 
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made of a shape memory material is substantially encapsulated at an enlarged diametric 
dimension. 

7. The endoluminal prosthesis according to Claim 4, wherein the luminal and 
5 abluminal layers of expanded polytetrafluoroethylene material farther comprise expanded 

polytetrafluoroethylene tubular members extruded at a diametric dimension sufficient to 
substantially encapsulate the endoluminal stent at its austenite dimensional state. 

8. The endoluminal prosthesis according to any of claims 1 to 7, wherein the shape 
10 memory material comprising the endoluminal stent farther comprises a pseudoelastic shape 

memory alloy. 

9. An endoluminal prosthesis, comprising: 

an endoluminal stent made of a material having an elastic spring tension having a 
1 5 generally tubular conformation defining a central lon^tudinal lumen delimited by walls of the 
endohmiinal stent, the walls having luminal and abhiminal surfaces thereof; the endoluminal stent 
having a first dimensional state whereby the endoluminal stent is radially constrained for 
endoluminal delivery into a body and a second dimensional state whereby the elastic spring 
tension is released and the endoluminal stent elastically deforms into contact with endoluminal 
20 tissue; and 

a monolitMc ©q)anded polytetrafluoroethyloie layer forming a continuous circumferential 
covering over each of the luminal and abluminal surfaces of the endoluminal stent walls 
drcumferentialfy enclosing at least a portion of the central longitudinal lumen of the endoluminal 
stent. 

25 

10. The endoluminal prosthesis according to Claim 9, wherein the monolithic 
expanded polytetrafluoroethylene layer fiirther comprises a luminal and an abluminal layer of 
©q)anded polytetrafluoroethylene tubular material intimately joined to one another through the 
walls of the endolimiinal stent. 

30 

1 1 . The endoluminal prosthesis according to Claim 1 0, wherein the luminal and an 
ablummal layers of expanded polytetrafluoroethylene tubular material fiirther comprise radially 
pre-e3q>anded microporous polytetrafluoroethylene tubular members. 
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12. The endoluminal prosthesis according to Claim 10, wherein the luminal and 
abluminal layers of expanded polytetrafluoroethyiene tubular material further comprise 
polytetrafluoroethylene tubular members extruded at a diametric dimension sufiBcient to 
substantially encapsulate the endoluminal stent at an enlarged (Uametric dimension. 

13. The endoluminal prosthesis according to Claim 12, wherein the abluminal 
polytetrafluoroethylene tubular member is extruded at a diametric dimension greater than that 
required to encapsulate the abluminal wall of the endoluminal stent. 

14. The endoluminal prosthesis according to Claim 10, wherein the luminal and an 
abluminal layers of expanded polytetrafluoroethylene tubular material further comprise 
microporous polytetrafluoroethylene tubular members radially expandable under the influence 
of a radiaUy outwardly directed pressure less than about six atmospheres. 

15. The endolummal prosthesis according to Claim 10, wherein the luminal and an 
abluminal layers of expanded polytetrafluoroethylene tubular material Anther comprise 
microporous polytetrafluoroethylene tubular members radially expandable under the influence 
of a radially outwardly directed pressure less than about five atmospheres. 

16. The endoluminal prosthesis according to Claim 10, wherein the luminal and 
abluminal layers of expanded polytetrafluoroethylene material further comprise microporous 
polytetrafluoroetltylene tubular members radially ©q)andable under the influence of a radially 
outwardly directed pressure less than about four atmospheres. 

17. The endoluminal prosthesis according to Claim 10, wherein the luminal and 
abluminal layers of expanded polytetrafluoroethylene material further conqwise radially 
expandable microporous polytetrafluoroethylaie tubular members and the endoluminal prostheas 
is radially expandable in vivo under the influence of a radially outwardly directed pressure applied 
fi-om the central lon^tudinal lumen of the endoluminal prosthesis less than about six 
atmospheres. 
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18. The endoluminal prosthesis according to Claim 10, wherdn the luminal and 
abluminal layers of expanded polytetrafiuoroethylene material fiirther comprise radially 
expandable nucroporous polytetrafluoroethylene tubular members and the endoluminal prosthesis 
is radially expandable in vivo under the influence of a radially outwardly (Greeted pressure applied 
from the central longitudinal lumen of the endoluminal prosthesis less than about five 
atmospheres. 

19. The endoluminal prostheas according to Claim 10, wherem the luminal and 
abluminal layers of expanded polytetrafluoroethylene material fiirther comprise radially 
expandable microporous polytetrafluoroeAylene tubular members and the endoluminal prosthesis 
is radially expandable in vivo under the influence of a radially outwardly directed pressure applied 
fi-om the central longitudinal lumen of the endolummal prosthesis less than about 4.5 
atmospheres. 

20. The endoluminal prosthesis according to Claim 10, wherein the luminal and 
abluminal layers of expanded polytetrafluoroethylene fiirther comprise radially expandable 
microporous polytetrafluoroethylene tubular members and the endoluminal prosthesis is radially 
ejq)andable in vivo undo- the mfluence of a radially outwardly directed pressure applied firom the 
central longitudinal lumen of the endoluminal prosthesis less than about 3.0 atmospheres. 

21 . A method for making an encapsulated stent-grafl, comprising the steps of: 

a. concentrically engaging an endoluminal stent in a first diametric 
dimension about a first tubular expanded polytetrafluoroethylene member 
having a node and fibril microstructure in which the fibrils are oriented 
substantially parallel to the longitudinal a»s of the tubular expanded 
polytetrafiuoroethylene member, 

b, concentrically mgagng a second tubular expanded 
potytetrafluoroethylene member havmg a node and fibril microstructure 
in which the fibrils are oriented substantially paralld to the longitudinal 
axis of the second tubular e3q)anded polytetrafluoroethylene member, 
about the endoluminal stent and the first tubular expanded 
polytetrafluoroethylene member; 
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c. applying a circuiDferential pressure about the first and second tubular 
expanded polytetrafluoroethylene members and the endohmiinal stent 
mterdisposed there between; and 

d. exposing the first and second tubular expanded polytetrafluoroethylene 
members and the endoiuminai stent interdisposed there between stent in 
its enlarged diametric state to a temperature above the crystalline meh 
point of polytetrafluoroethylene for a period of time suflBcient to 
monolithically jom the layers of polytetrafluoroethylene to one another 
through the endoiuminai stent forming a single substantially 
homogeneous layer of expanded polytetrafluoroethylene. 

22. The method of Claim 21, where the step (a) fiirther comprises the steps of: 

a. providing an endolimiinal stent made of a shape memory material having 
a pre-defined austenite tubular dimensional state and cooling the 
endohmiinal stent to a temperature below the martensite transformation 
temperature of the shape memory alloy; and 

b. deforming the endoiuminai stent at a temperature below the martensite 
transformation tenq)erature to a reduced diametric dimension suitable for 
endoiuminai delivery thereof for engagement upon the first tubular 
polytetrafluoroethylene member. 

23 . The method of Claim 2 1 , wherein the step (a) fiirther comprises the steps of: 

a. prodding a self-expanding endoiuminai stent made of a material having 
an inherent spring t^ision; and 

b. defonning the endoiuminai stent to a reduced diametric dimension 
suitable for endoiuminai deliyery thereof for engagement upon the first 
tubular polytetrafluoroethylene member. 

24. The method of Claim 21, wherein the step (a) fiirther comprises the steps of 

. • * - * 

providing an endohmrinal stent made of a shape memory material having a pre-defined austenite 
tubular dnnensional state and step (b) is performed while the endoiuminai stent is at the pre- 
defined austenite tubular dimensional state. 
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25. The method of Claim 21, wherein the step (a) fiirther comprises the steps of 
providing a self-expanding endolummal stent made of a material having an inho^t spring 
tension and the step (b) is performed while the endoluminal stent is at a radially unstrained 
dimensional state. 

26. A method for makmg a stent-graft, comprising the steps of 

a. transforming a shape memory endolwninal stent from a substantially 
austenite phase to a temperature-induced martensite phase; 

b. reducing the diametric dimension of the endoluminal stent in its 
temperature-induce marten^te phase from a larger diametric dimen^on 
to a reduced diametric dimension; 

c. constraining the endolimiinal stent in a temperature-induced martensite 
phase and in its reduced diametric dunension with a substantially 
monolithic covering of rapanded polytetrafluoroethylene 
drcumferentiaUy covering at least a portion of the longitudinal extent of 
the endoluminal stent, the substantially monolithic covering of expanded 
po^^tetrafluoroethyloie being radially deformable to release constraining 
force exerted on the endoluminal stent. 

27. A method for making an encapsulated stent-graft, comprising the steps of: 

a. cooling an endoluminal stent made of a shape memory material and 
having a pre-determined austenite tubular dimensional state to a 
temperature below the martensite transformation temperature of the 
shape memory alloy; 

b. defonning the endohrannal stent at a temperature below M, to reduce the 
diametric dimension of the endolummal stent to a diam^er suitable for 
endoluminal delivery thereof the deformation being performed 
substantially without plastic deformation of the endoliuninal stent; 

c. concentrically engaging the deformed endoluminal stent in its deformed 
martensite state about a first layer of longitudinally expanded 
polytetrafluoroethylene; 
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d. concentrically engaging a second layer of longitudinally expanded 
polytetrafluoroethylene about the deformed endoluminal stent and the 
first layer of longitudinally expanded polytetrafluoroethylene; 

e, applying a cbcumferential pressure about the first and second layers of 
5 longitudinally expanded polytetrafluoroethylene and the deformed 

endoluminal stent; and 
f exposing the first and second layers of longitudinally expanded 
polytetrafluoroethylene and endoluminal stent in its reduced diametric 
state to a temperature above the crystalline meh point of the 
1 0 polytetrafluoroethylene for a period of tune suflBdent to monoUthically 

join the first and second layers of polytetrafluoroethylene to one another 
through the endoluminal stent formmg a single substantially 
homogeneous layer of expanded polytetrafluoroethylene. 

15 28. A method for making an encapsulated stent-graft, comprising the steps of: 

a. an endoluminal stent made of a pseudoelastic material and having a pre- 
detennined austenite tubular dimensional state at a temperature above the 
martensite transformation temperature of the shape memory alloy; 

b. deforming the endohiminal stent at a tempo-ature above Af, but below 
20 to reduce the diametric dimension of the endoluminal stent to a diameter 

suitable for endoluminal delivery thereof the deformation being 
performed substantially without plastic deformation of the endoluminal 
stent; 

c. concentrically engaging the deformed endoluminal stent in its reduced 
25 diametric state about a first layer of longitudinally expanded 

polytetrafluoroethylene; 

d. concentricially enga^g a second layer of longitudinally expanded 
polytetrafluoroethylene about the deformed endoluminal stent and the 
first layer of longitudinally expdndtd polytetrafluoroethylene; 

30 e. applying a dircumferential pressure about the first and second layers of 

longitudinally rapanded polytetrafluoroethylene and the endoluminal 
stent; and 
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f. exposing the first and second layers of longitudinally expanded 
polytetrafluoroethylene and endoluminal stent in its reduced diametric 
state to a temperature above the crystalline melt point of the 
polytetrafluoroethylene for a period of lime suflBcient to monolithically 
5 join the first and second layers of polytetrafluoroethylene to one another 

through the endoluminal stent forming a single substantially 
homogeneous layer of ©q)anded polytetrafluoroethylene. 

29, A method for making an encapsulated stent-grafl, comprising the steps of: 

■ 

1 0 a. concentrically engaging the endoluminal stent in its enlarged state about 

a first layer of longitudinally expanded polytetrafluoroethylene; 
b. concentrically engaging a second layer of longitudinally expanded 
polytetrafluoroethylene about the enlarged endoluminal stent and the first 
layer of longitudinally expanded polytetrafluoroethylene; 

15 c. applying a drcumferential pressure about the layers of longitudinally 

expanded polytetrafluoroethylene and the endoluminal stent; and 
d. ejq>osing the layers of longitudinally expanded polytetrafluoroethylene 
locally in the void areas of the endoluminal stent in its reduced diametric 
state to a temperature above the crystalline melt point of the 

20 ' polytetrafluoroethylene for a period of time sufficioit to monolithically 

join the first and second layers of polytetrafluoroethylene to one another 
through the endoluminal stent forming a single substantially 
homogeneous layer of expanded polytetrafluoroethylene in the void 

* 

areas. 

25 

30. A method for making an encapsulated stent-graft, comprising the steps of: 

a. an eodohiminal stent made of a pseudoelastic material and having a pre- 
detemiined austenite tubular dimensional state at a temperature above the 
martensite transformation temperature of the shape memory alloy (A^); 
30 b. defijrnring the aidoluminal stent at a temperature above A^^ but below 

to reduce the diametric dimension of the endoluminal stent to a diameter 
suitable for endoluminal delivery thereof the deformation being 
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perfonned substantially without plastic deformation of the endoiuxninal 
stent; 

concentrically engaging the deformed endoluminal stent in its reduced 
diametric state about a first layer of longitudinally expanded 
polytetrafluoroethylene; 

concentrically engaging a second layer of longitudinally expanded 
polytetrafluoroethylene about the deformed endoluminal stent and the 
first layer of longitudinally expanded polytetrafluoroethylene; 
applying a circumferential pressure about the first and second layers of 
longitudinally expanded polytetrafluoroethylene and the endoluminal 
stent; and 

exposing the first and second layers lon^tudinally expanded 
polytetrafluoroethylene locally in the void areas of the endoluminal stent 
in its reduced diametric state to a temperature above the crystaUine melt 
point of the polytetrafluoroethylene for a period of time sufficient to 
-monofitUcally join the first and second layers of polytetrafluoroethylene 
to one another through the endoluminal stent forming a single 
substantially homogeneous layer of &q)anded polytetrafluoroethylene in 
the void areas. 
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